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Cronobacter  species  are  emerging  and  oppor-
tunistic foodborne  pathogens  capable  of  caus-
ing infections  in  neonates,  infants,  adults  and
immune  compressed  individuals  [1,2].  They  are
Gram-negative,  rod  shaped,  motile,  ﬂagellated,
non-spore formers,  facultative  anaerobic  bacteria,
ubiquitous  and  members  of  the  Enterobacteriaceae
family  [3,4].  Currently,  there  are  seven  main  inter-
nationally  recognized  species,  namely,  C.  sakazakii,
C. turicensis, C.  malonaticus, C.  muytjensii, C.  uni-
versalis, C.  dublinensis  and  C.  condiment  [1,5].
Three of  these,  C.  sakazakii, C.  malonaticus, and
C. turicensis, are  human  opportunistic  pathogens
[6]  that  have  not  been  associated  with  human  dis-
ease until  recently  [7].  In  2006,  Bowen  and  Braden
reported  that  the  Cronobacter  genus  is capable  of
causing high  mortality  diseases  such  as  bacteremia,
meningitis, septicemia,  brain  abscesses  and  necro-
tizing enterolitis  in  neonates  and  infants  [8].
Epidemiologically,  only  contaminated  powdered
infant formula  has  been  associated  with  Cronobac-
ter infection  outbreaks  [9].  This  group  of  bacteria
has been  isolated  from  both  nutrient  rich  and  nutri-
ent low  environments.  Researchers  have  reported
the detection  and  isolation  of  these  pathogens
in foods,  including  ready  to  eat  food,  cereals,
meat, herbs,  fruits,  vegetables  and  other  food
products [1,2,5,10]. The  detection  of  Cronobacter
species in  these  samples  and  household  contami-
nation increases  the  potential  risks  for  infections
in immune-compromised  individuals.  Various  equip-
ment, such  as  blenders,  brushes  and  spoons,  used
for the  preparation  of  powdered  infant  formula
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eonates  [11,12].
Over  100  outbreaks  of  Cronobacter  infections,
ostly in  neonatal  intensive  care  units,  have  been
eported  worldwide  [8,13]. The  occurrence  and
revalence  of  Cronobacter  spp.  in  powdered  infant
ormula and  clinical  environment  samples  demands
apid  detection  methods.  Worldwide,  millions  of
nfants consume  powdered  infant  formula  every
ay. The  high  consumption  rate  of  this  product
akes it a potential  health  risk  if contaminated,
oupled with  the  fact  that  powdered  infant  formu-
as are  not  sterile.  International  standards  stipulate
hat Cronobacter, Salmonella  and  other  members
f the  family  Enterobacteriaceae  must  not  be
resent  in powdered  infant  formula  [14].  All  species
f Cronobacter  must  be  absent  in 10  grams  of
owdered infant  formula  based  on  recent  interna-
ional  microbiological  standards  [15].  In  a review
y Nazarowec-White  and  Farber,  it  was  stated  that
pecies of  Cronobacter  are  usually  inactivated  dur-
ng the  pasteurization  of powdered  infant  formula
16]. Methods  for  the  rapid  detection,  isolation,
dentiﬁcation and  control  of  Cronobacter  spp.  are
equired to  enable  the  appropriate  response  to
ases of  contamination  and  infection.  High  speci-
city and  sensitivity  of  the  detection  protocols
or Cronobacter  spp.  are  required  to  avoid  false
ositive  and  false  negative  results.  Cronobacter
pp. are  capable  of  forming  bioﬁlms  on  the  sur-
aces of  enteral  feeding  tubes,  in  addition  to  glass,
tainless  steel,  silicon,  latex  and  polycarbonate
aterials [17—19].  They  attach  more  rapidly  to
lastic (a  hydrophobic  material)  and  hydrophilic
aterials [19].  Nutrient  availability  and  tempera-
ure of  the  growth  medium  are  important  factors
nﬂuencing bioﬁlm  formation.  It  was  reported  that
ver 75%  of  Cronobacter  spp.  produced  bioﬁlm  in
nfant formula  milk,  while  less  than  20%  produced
ioﬁlm in  diluted  tryptone  soy  broth  when  used  as  a
rowth medium  [20]. Biochemical  substances  such
s D-galactose,  heteropolysaccharide,  D-glucose,
lucuronic  acid,  D-fucose  and  D-mannose  enhance
ioﬁlm formation  among  Cronobacter  spp.  [21].
nces. Published by Elsevier Limited. All rights reserved.
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[he  prevention  of  Cronobacter  infections  in  hospita
hese  biochemical  substances  increase  bacterial
esistance to  antibiotics,  detergents  and  other  envi-
onmental  stresses.  Most  disinfectants  used  in  food
ervice kitchens,  hospitals  and  day  care  centers
o not  effectively  eliminate  bacterial  cells  trapped
ithin  these  organic  matrices;  hence,  bioﬁlm  for-
ation on  equipment  and  in  hospital  environments
ncreases the  risk  of  infections  in  infants.  The  for-
ation  of  bioﬁlm  in  infant  formula  milk  has  been
bserved  after  24  h  on  enteral  feeding  tubes,  which
ncreases  the  risk  of  neonatal  infection  speciﬁ-
ally in  hospitals,  as  enteral  feeding  tubes  can
emain in  situ  for  several  days  at  normal  body
emperature while  administering  nutrients  to  the
nfants at  2—3  h  intervals  [22]. Because  of  the  risk
osed  by  Cronobacter  spp.  and  the  limited  study  of
hese pathogens  in  this  part  of  the  world,  a com-
rehensive study  to  rapidly  detect  the  incidence,
irulence, growth  and  bio  control  of  Cronobacter
pp. is  imperative  [23,24].
While the  current  research  status  of  Cronobacter
pp. is  encouraging  with  the  development  of  various
henotypic  and  molecular  methods  of  identiﬁcation
f the  bacteria  from  different  sources,  signiﬁ-
ant challenges  persist  such  as  cultural  variations
f species,  limitations  of  the  detection  meth-
ds, taxonomic  classiﬁcation,  diversiﬁed  reservoirs
nd routes  of  transmission,  the  possibility  of
ross-contamination  to  other  sources  and  the  sur-
ival response  to  stresses.  Future  research  should
armonize  isolation  methods,  identify  molecular
echanisms of  survival  under  environmental  stress,
erform risk  assessments,  develop  hazard  analy-
is critical  control  points  (haccp)  plans  for  the
reparation  of  powdered  infant  formula  in  neonatal
ntensive  care  units,  develop  bio  control  methods
or Cronobacter  spp.  in  powdered  infant  formula,
nd identify  potential  clinical,  environmental  and
ood reservoirs  and  the  possibility  of  cross  contam-
nation  and  transfers  to  other  sources.
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